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Display device comprising an adjustable light source 



The invention relates to a display device comprising an adjustable light source, 
a display panel with display pixels for modulating light originating from the light source and 
processing circuitry coupled to the display panel and the adjustable light source. 



EP 1,111,578 Al discloses a display device with a passive light modulation 
part and a light source. A video signal is provided to the passive light modulation part for 
generating an image. The amplitude of the video signal is dynamically adjustable based on a 
detected minimum, maximum and average brightness value of the video signal. The 

10 brightness of the light source is adjustable in such a way that the image displayed on the 
passive light modulation part after the dynamic adjusting of the amplitude does not vary 
visually from an average brightness level for each frame of the video signal. It is a 
disadvantage of the known display device that this adjustment of the amplitude and the 
corresponding adjustment of the brightness of the light source do not provide for all images 

1 5 the best possible rendering of these images on the light modulation part. 



It is an object of the invention to provide a display device of the kind 
described in the opening paragraph, which has an alternative way of adjusting the amplitude 
20 of the video signal and the brightness of the light source. 

The object is realized in that the display device comprises an adjustable light 
source; a display panel with display pixels for modulating light originating from the light 
source; and processing circuitry coupled to the display panel and the adjustable light source, 
the processing circuitry having an input for receiving an input signal representing gray levels 
25 of pixels of an image to be displayed on the display panel and comprising: 

- means for selecting a dimmed brightness level of the light source in dependence on the 
gray levels of the image pixels, and 

— means for adapting the input signal in dependence on the dimmed brightness leveL 
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The invention is defined by the independent claims. The dependent claims 
define advantageous embodiments. 

Firstly the dimmed brightness level of the light source is determined. This 
enables the selection of a value that the light source is able to provide, thereby taking into 
account, for example, operating conditions or limitations of dynamic variations of the light 
source. As a next step, the processing circuitry adapts the input signal taking into account the 
selected brightness level. This sequence enables the selection of a matching combination for 
each image of a dimmed brightness level and an adapted input signal. The prior art disclosed 
in EP 1 ,1 1 1 ,578 Al firstly determines the adaptation of the amplitude of the input signal and 
thereafter determines the dimmed brightness level so as to match a brightness level of the 
input signal. US 5,717,422 discloses a display with a light source providing light to a light 
modulation part A control is present for controlling the intensity of the light source as 
function of a brightness characteristic of an image to be displayed, while nothing is disclosed 
about adapting an input signal coupled to the modulation part in correspondence with the 
controlling of the intensity of the light source. US 6,631,995 discloses a device with a light 
source and a light control device. Via a video signal amplifier a light modulation panel is 
driven in such a way that the contrast of an image to be displayed by the device has a desired 
value. Via a light-control device, controlling the amount of light provided by the light source 
to the modulation panel, the image to be displayed is corrected such that the brightness of the 
displayed image corresponds with a desired value. So, this prior art, firstly determines the 
desired contrast, and then to what extent to control the amount of light provided by the light 
source. 

In an embodiment the means for selecting is adapted to select the dimmed 
brightness level in dependence on a number of occurrences of a gray level corresponding to a 
brightness of display pixels above the dimmed brightness level and/ or a number of 
occurrences of a gray level corresponding to a brightness level of display pixels below a 
predetermined brightness level. Compared to the prior art disclosed in EP 1,1 1 1,578 Al, this 
invention provides generally a further dimming of the light source, resulting in an improved 
discemability of the dark gray levels corresponding to brightness levels near the minimum 
brightness level at the expense of some clipping of the gray levels corresponding to 

brightness levels near the dimmed brightness level. The predetermined level may be a fixed 

_ ........ . . ....... — . • - • • - - - .... - ■ - - - 

jggeL QI, more preferably, an adjustable level, which is dete rmined in dependence on the 

dimmed brightness level. 
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In an embodiment the predetennined brightness level is formed by the 
maximum contrast ratio of the display panel and the dimmed brightness level, preferably by 
dividing the dimmed brightness level by the contrast ratio. When selecting the dimmed 
brightness level it is important to take into account the resulting minimum brightness level 
that can be reproduced, as gray levels corresponding to a brightness level below this 
minimum obtainable brightness level are not correctly reproduced on the display device. 
When determining the predetermined brightness level, a suitable range of values is 50% to 
1 50% of the ratio of the dimmed brightness level and contrast ratio, particularly a range of 
80% to 100%. 



These and other aspects of the invention will be further elucidated and 
described with reference to the drawings, in which: 

Fig. 1 shows a block diagram of an embodiment of the display device 
1 5 according to the invention; 

Figs. 2A to 2C show various backlight configurations which may be applied in 
the display device according to the invention; 

Fig. 3 shows a graph of the output luminance of the display panel versus the 
gray levels of the input signal of the display device illustrating the operation of an 
20 embodiment of the display device according to the invention; 

Fig. 4 shows another graph of the output luminance of the display panel versus 
the gray levels of the input signal of the display device illustrating the operation of another 
embodiment of the display device according to the invention; 

Fig. 5 shows a block diagram of an embodiment of processing circuitry 
25 applied in the display device according to the invention; 

Fig. 6 shows a flow diagram of an embodiment according to the invention; 
Fig. 7 shows a part of an image comprising a matrix of rows i and columns j of 

pixels; 

Fig. 8 shows an embodiment of an inteipolation approach to obtain soft 
30 clipping according to the invention; 

Fig. 9 shows a block diagram of an embodiment of the display device 
according to the invention with feedback; and 

Fig. 10 shows a graph of the output gray levels of the output signal as function 
of the gray levels of the input signal. 
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The same references in different Figs, refer to the same signals or to elements 
performing the same function. 

An embodiment of the display device DD according to the invention as shown 
in Fig. 1 comprises an adjustable light source BL, a display panel DP with pixels for 
modulating light LB originating from the light source BL, and processing circuitry P. The 
processing circuitry P is coupled to the display panel DP and to the adjustable light source 
BL and has an input for receiving an input signal VI representing an image to be displayed 
on the display panel DP. The image may be represented by a matrix of rows and columns of 
pixels. In case of a moving image (video), the input signal represents a sequence of images. 
In case the input signal comprises sequences of parts of images, for example, even and odd 
fields of a video frame, then the image is to be interpreted also as such an even or odd field. 

The processing circuitry P comprises means for selecting a dimmed brightness 
level Lbdim of the light source BL in dependence on brightness levels, hereinafter also called 
gray levels, of pixels of the image to be displayed. The means for selecting may be hardware 
selection circuitry S as shown in Fig.l or may be realized with software or a combination of 
both. The means for selecting processes the input signal VI and selects the dimmed 
brightness level Lbdim, thereby substantially minimiz ing an error function as will be 
explained later on. The selection circuitry S provides a light source drive signal BLD for 
adapting the brightness level LB of the light source BL to the dimmed brightness level 
Lbdim. 

The processing circuitry P further comprises means for adapting the input 
signal VI in dependence on the selected dimmed brightness level LBdim. The means for 
adapting may be hardware adaptation circuitry A as shown in Fig.l or may be realized with 
software or a combination of both. The selection circuitry S provides an adaptation drive 
signal AD to the adaptation circuitry A in dependence on the selected dimmed brightness 
level Lbdim. The adaptation circuitry A adapts the input signal VI, thereby taking into 
account the adaptation drive signal AD and any other transformations required to adapt the 
input signal VI to an output signal V2, suitable for driving the display panel DP. These other 
transformations may include, amongst others, gamma correction, adaptation of the input 
signal VI to transmission characteristics of the display panel DP, and/ or adaptation of color 
components of the input signal VI to the primary colors of the display panel DP. The output 
signal V2 driving the display panel DP, in combination with the brightness level of the light 
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LB from the light source BL, determines the light output L of each of the pixels of the 
display panel. 

The input signal VI may be analog or digital; it may represent monochrome 
images or color images. In case of color images, the input signal may comprise a separate 

5 luminance signal in combination with color information or may comprise color components, 
for example in the form of an RGB signal with a red color component R, a green color 
component G and a blue color component B. In case of color images, the term "gray level" is 
to be interpreted as an amplitude level of a color component These gray levels or amplitude 
levels may be discrete levels in case of a digital input signal. For example, in case of an 8 bit 

10 digital signal 2 8 = 256 gray levels or amplitude levels are possible. 

The light source BL may be a single lamp backlight unit BL1 with one lamp 
LI as shown in Fig. 2A for illuminating the whole display panel DP. Alternatively, as shown 
in Fig. 2B, it may be a multiple lamp backlight, unit BL2 with a plurality of lamps LI, L2, L3, 
L4, each directed to illuminate a corresponding region Rl, R2, R3, R4 of the display panel 

15 DP. Each of the lamps LI, L2, L3, L4 may be dimmed simultaneously with a substantially 
same amount or may be dimmed separately with a different amount and/ or at different 
moments in time. In case the regions Rl, R2, R3, R4 partially overlap each other, the effect 
of dimming one of the lamps LI, L2, L3, L4 for a particular one of the regions Rl, R2, R3, 
R4 may result in a change of brightness levels in another region which overlaps with this 

20 particular region. In such a case the change of brightness levels may be corrected by adapting 
the output signal V2, such that this adaptation counteracts the changes. If one or more of the 
regions Rl, R2, R3, R4 correspond, for example, to a horizontal (or vertical) black bar in an 
image to be displayed, the corresponding lamp LI; L2; L3; L4 may be turned off completely. 

Another alternative, as shown in Fig. 2C, is a multicolor backlight unit BL3 

25 with a plurality of color lamps LCI, LC2 of different color, the color lamps LCI, LC2 

directed to illuminate a same region of the display panel DP. Of course, the light source may 
also be formed by alterations (for example of number, type or positions of lamps) and/ or 
combinations of above mentioned backlight units. The number of lamps may be equal to the 
number of pixels. 

30 Yet another alternative (not shown) is a backlight unit, having one or more 

lamps providing a substantially constant brightness, while dimming of the light is obtained by 
means of a light shutter, which controls the amount of light to be passed on from the lamps to 
the display panel DP. The light shutter may comprise parts which are controllable separately, 
so that the amount of light can be controlled per part of the area to be illuminated. 
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The lamps may be any type of lamp, like fluorescent lamps, LEDs, or OLEDs. 

The display panel DP as shown in Fig. 1 may be a Liquid Crystal Display 
panel (LCD panel) or any other light-modulating panel, for example a panel with movable 
micro mirrors as used in a projector with Digital Mirror Devices. The LCD panel may be a 
transmissive LCD panel for modulating the light passing through the panel as shown in Fig. 1 
or a reflective LCD that modulates the light reflected by the panel (not shown) or a 
transflective LCD which is capable of modulating both the transmitted and the reflected light. 

The display panel DP may be applied in a display product PR, for example, a 
television set, a monitor, a portable computer (laptop), a PDA or mobile phone equipped with 
a display. In general, these products include signal processing circuitry SPC for processing 
signals received via an input terminal IN to convert them into the input signal VI of the 
display module. The input terminal EST may be an antenna terminal or a connector via which a 
base band signal is received. The product PR may be a direct view display panel allowing a 
user to watch images on the display or a projection based system allowing the user to watch 
images projected from the display panel via an optical system on a screen. The projection 
system may be a rear or a front projection system. 

For simplicity of the explanation, the principles of operation of the display 
device DD shown in Fig. 1, will be explained with reference to Fig. 3 illustrating an 
embodiment with a digital monochrome input signal VI, representing gray levels x of the 
pixel of the image. 

When setting the light source BL to a maximum brightness level LBmax , the 
adaptation circuitry A may be designed to deliver an output signal V2, which results in a light 
output L of a display pixel as function of the gray level x of that corresponding pixel in the 
input signal according to the first curve CI . In case of an ideal panel the light output L would 
be proportional to the gray level x from a zero gray level (black level) to a maximum 
available gray level w (white level). However, in practice the contrast ratio CR of a display 
panel, such as an LCD panel, is limited to a value in the order of magnitude of 100 to 200. As 
a result, the lowest brightness that can be represented is Lbmax/ CR. This means that gray 
levels with a value below a threshold level x^ are not correctly displayed on the display 
panel DP: all dark gray values from 0 to Xtbres will have the light output Lbmax/ CR. 

For some images it may be advantageous to dim the light of the light source 

BL to a di mmed brig htness level Lbdim to improve the reproduction of these dark gray 

values. This is illustrated by the second curve C2. As a result of the dimming, the lowest 
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possible brightness is now reduced to a minimum brightness level Lbdira/ CR as shown in 
Fig. 3. 

By mapping the input signal VI to the light output L according the third curve 
C3 a further improvement of the reproduction of dark gray levels is obtained up to a 
mfnimnm gray level, being the dimmed threshold level xthresd which is smaller than Xthres- This 
dimmed threshold level xthresd corresponds to the minimum brightness level Lbdim/ CR. This 
improvement is obtained at the expense of clipping of gray levels above a level xi 
corresponding to the dimmed brightness level Lbdim. 

The input signal VI may include a gamma pre-correction function Gs(Ls) 
which is provided by a source from which the image is obtained The term Ls represents the 
brightness of the image at the source. The resulting gray level x of the input signal VI may 
be expressed as: 

x = Gs(Ls). 

The display panel DP may have a gamma characteristic Gd that is different 
from the pre-correction function Gs. When driven by an adapted gray level x' the display 
panel DP generates a light output L of: 

L = (Lbdim/ Lbmax).Gd (x*). 
In order to match the light output L to the brightness Ls of the image source the adapted gray 

level x* should be: 

x 5 = Gdi(Lbmax/ Lbdim.Ls) = Gdi(Lbmax/ Lbdim.Gsi(x)), 
with Gdi and Gsi representing the inverse functions of Gd and Gs, respectively, a look-up 
table may be applied to determine the adapted gray level x' as function of the gray level x. 

Depending on the content of an image, the light BL may be dimmed. If the 
image contains many bright pixels with gray values close to Xmax and no values below xthres, 
then the light source BL may be driven to its maximum value Lbmax. When an image 
contains very few pixels with a gray level above xi and many pixels with a gray level below 
Xthres, then tide light source BL is preferably driven to the dimmed brightness level Lbdim. 
The dimmed brightness level Lbdim and the corresponding gray level xi may be determined 
dynamically for subsequent images (or per region of each of the subsequent images in case a 
multiple lamp backlight unit BL2 is applied). If an image contains both pixels with gray 
levels above xi and below xthres, deterioration of the displayed image is inevitable and a 
compromise is necessary. In order to quantify the perceived deterioration of the displayed 
image, an error function is applied which corresponds to the amount of deterioration of the 
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displayed image. By selecting for each image a dimmed brightness level Lbdim which results 
in a minimum value of this error function, the deterioration is minimized. 

The error function includes a number of occurrences of gray levels x 
corresponding to a brightness level L above the dimmed brightness level Lbdim and/ or a 
5 number of occurrences of gray levels x corresponding to a brightness level L below a 
predetermined brightness level, which preferably corresponds to the minimum brightness 
level Lbdim/ CR. An embodiment of the error function Er 0 t(xi) is given by the formula: 

EJx 1 ) = ^gWp(x)+ £/(*)p(*), 

10 

wherein g(x) and f(x) are weighting functions, p(x) is the number of occurrences of a pixel 
with the gray level x divided by the total number of pixels in the image. Brot(xi) is the error 
as a result of selecting the dimmed brightness level Lbdim corresponding to a gray level xi. 

Dividing by the total number of pixels may be omitted, as this number is the 
1 5 same for all terms in the summation and results merely in the resulting error function to be 
scaled with the number of pixels. 

The weighting functions f(x), g(x) may be substantially equal to one, giving an 

equal weight to each of the gray levels above xi or below xarcsd. 

Alternatively, the weighting functions may take into account information 
20 about pixels surrounding pixels with a same gray level x as explained in further detail below. 

Fig. 7 shows a part of an image comprising a matrix of rows i and columns j of 
pixels. Each pixel is identified by a combination of a row index i and a column index j. For a 
given gray level x above the gray level xi (so, being a gray level which is clipped), the 
indices i, j are determined for pixels having this gray level x. Then for each of the pixels with 
25 the thus determined indices i, j, the weight factor $j is determined. This weight factor fij is 

determined taking into account the gray level of pixels surrounding the pixel with indices i, j. 
The row indices i of the surrounding pixels range SP from a lowest value of i minus an 
integer value il up to and including a highest value of i plus an integer value i2. The column 
indices j of the surrounding pixels range from a lowest value of j minus an integer value j 1 up 
30 to and including a highest value of j plus an integer value j2. The pixel with indices i, j is of 

^itrgp to v>p *™lrateH f m tn th* gnimnndiTig pixels SP A suitable method to determin e this 

weight factor fy is to sum differences d(kl,k2) in gray levels between the surrounding pixels 
SP with indices kl, k2 and the pixel with indices i, j. Only the surrounding pixels SP with a 
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gray value larger than the gray level x of the pixel with indices i, j are taken into account, as 
this is an indication of the amount of clipping and of the amount of detail lost due to this 
clipping. So, the weight factor may be expressed as: 

= £ 2l(^( k hk2)) 9 where b is an exponent with b >=1 or b=0, 

5 d(kl ,k2)=0 if d(kl ? k2)<0, and the summation should exclude the combination kl=i with 

The value fy is calculated for each of the pixels having the gray value x. 

The final weight function f(x) associated with the gray level x, may be the 
largest value fij found for the pixels with this value of x. Alternatively, f(x) may be the sum of 
10 all weight factors fij found for the pixels with this value of x. 

In another embodiment the weighting function f(x) is dependent on the amount 
of clipping as shown in below formula: 

fix) - [x — x^ffox x>x l and b = 0 or b > 1. 

The term (x-xi) represents the deviation of the displayed gray value from the gray value x of 
15 the input signal, hence is a measure for the amount of clipping. The weighting may be linear 

by selecting b=l or non-linear by selecting b>l. All embodiments provided for the weighting 

function fl[x) apply mutatis mutandis for the weighting function g(x). 

Another embodiment with soft clipping is illustrated in Fig. 4. Like in Fig. 3, 

the light output L as function of the gray level x is shown with being the maximum gray 
20 level. The first curve CI shows again the curve for an ideal panel. A fourth curve C4 

■ 

illustrates the soft clipping for a dimmed brightness level Lbdim. Between gray levels x 3 and 
x 2 the fourth curve C4 follows substantially the first curve Cl 9 similar to the third curve C3 as 
shown in Fig. 3. However the difference with the third curve C3 is that below the gray level 
X3 the relation of the light output L versus the gray level x is gradually flattened. When the 

25 gray level x approaches zero, the light output approaches the minimum brightness level 

Lbdim/ CR. In the third curve C3 shown in Fig. 3, all gray levels between zero and xthresd are 
rendered with the same minimum brightness level Lbdim/CR. In the fourth curve C4 with 
soft clipping as shown in Fig. 4, the gray levels between zero and Xthresd are Tendered with a 
different brightness level. So, the gray levels below Xthiwd remain discernable, thereby 

30 improving the perceived image quality. Similarly, the fourth curve C2 is flattened above X2 in 
order to allow gray levels above xi to be discernable. This flattening may be non-linear as 
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shown, but may also be linear from zero to x 3 and/ or from x 2 to Xmax to simplify the required 
processing. 

The embodiments illustrated in Figs. 3 and 4 may have look-up tables. These 
look-up tables comprise for each gray level of the input signal VI a corresponding value of 
5 the gray level of the output signal V2. When the display panel DP is driven with these 
corresponding gray values of the output signal V2, the light output L follows a curve as 
function of the gray level x as programmed in the look-up table. 

Whether soft clipping is applied or not, may be made dependent on the amount 
of errors introduced in the light output L as function of the gray levels of the input signal VI . 
1 0 These errors result from clipping of the gray levels in the range from zero to Xthresd and from 
xi to Xmax as, for example, is illustrated with the third curve C3 in Fig. 3. 

The known method in the field of computer graphics of Bezder Curves may be 
applied as smoothing algorithm, in particular the quadratic form of the Bezier Curve. This 
quadratic form is simply a linear interpolation of the linear interpolation between three 
1 5 control points P 0 , Pi,and P 2 as shown in Fig. 8. The algorithm given below is iterated, 

indicated by the integers h and t, for a number of samples m on the smooth Bezier curve of 
the output signal V2 . The output gray levels y of the output signal V2 as function of the gray 
levels x of the input signal VI are shown in Fig. 10. Basically, the curve C4 corresponds to 
the curve C4 shown in Fig. 4, however now the relation with the output signal is shown 
20 instead of the relation with the light output L. The output gray levels y have been given the 
same indices as the corresponding gray levels x. The algorithm is: 



t=0, 

For h = 1 to m { 
25 Po^O-QPo+tPi, 

P^Kl-^Pi+tPa » 
P(t) = (l-t)P 0 1 +tPi 1 , 

t = t + (1.0/m)} 

Soft clipping on the white levels is implemented using P 0 = yi (chosen 
30 arbitrarily but must be smaller than y mw , and greater than zero; see also Fig. 10), Pi = y ma x 
and p 2 = y^. The number of samples m may be selected to be equal to the number of gray 

levels between x mmc and x 2 . _ 



For soft clipping on the dark gray levels, Po = ythresd, Pi = ythresd and P2 - ya« 
The value y 3 may be 2*y thr esd, resulting in a number of samples m equal to x 3 . 



t 
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If the input signal VI comprises color components, for example a red 
component Rl , a green component Gl and a blue component Bl, the processing circuitry P 
may be realized as shown in the block diagram of Fig. 5. The selection circuitry S is adapted 
to select the dimmed brightness level Lbdim for which the sum of the error functions of each 
5 of the color component Rl, Gl , B 1 is minimized. The gray levels of the color components 
Rl, Gl, Bl are to be interpreted as the amplitude levels of the color components Rl, Gl, Bl. 
The sum may be determined based on a weighted addition of the error functions. The 
weighting may be based on the brightness contribution of each of the color components Rl, 
G1,B1. 

10 The selection circuitry S provides the light source drive signal BLD, which 

adjusts the light source BL to the selected dimmed brightness level Lbdim. The selection 
circuitry also provides the adaptation drive signal AD. Based on this adaptation drive signal 
AD the adaptation circuitry A adapts the gray levels (amplitudes) of each of the color 
components in respective color component adjustment circuits AR, AG, AB. Due to the 
15 dimming the colors in dark gray areas of the image are reproduced more correctly as the 
amplitudes corresponding to these dark gray levels of each of the color components are 
discernable in the displayed image. As mentioned before, further transformations may take 
place in the adaptation circuitry A. In case the display panel DP has primary colors differing 
from the primary colors of the input signal VI and/ or a different number of primary colors, 
20 then also the transformation from the primary colors of the input signal VI to the primary 
colors of the display panel DP may be included. 

A further embodiment is illustrated with the flow diagram shown in Fig. 6: 
- In a first step Ml the input signal VI, representing an image to be displayed, is analyzed 
to detect regions of the image which should be excluded from further analysis. In case of 
25 a sequence of images, for example representing video images, the flow chart is repeated 

for each subsequent image of the sequence of images. Regions to be excluded may be 
black bars appearing at the top and bottom of the screen, black bars at the left and right 
side, subtitling, on-screen displays and/or any other information inserted in a video 
image. Detection oJ^ for example, black bars is well known and is not elaborated further. 
30 - In a second step M2 a histogram is determined for each of the color components Rl , Gl , 
Bl of the input signal VI. Each histogram provides the number of occurrences of the gray 
levels (amplitudes) of the corresponding color component Rl, Gl, Bl. The histograms 
may comprise data for all the regions or only for the regions which are not excluded in 
the first step Ml. 



Best Available Copy 

PHNL04029 8EPP 

12 12.03.2004 

- In a third step M3 the error function is determined for each of me color components Rl , 
Gl , B 1 for a given dimmed brightness level Lbdim. 

- La a fourth step M4 the error functions of the color components Rl, Gl, Bl are added. If 
the value of the error function is not the minimum value, the third step M3 and foe fourth 
step M4 may be repeated for different values of foe dimmed brightness level Lbdim until 
foe value of foe dimmed brightness level Lbdim has been found which corresponds to foe 
minimum value of foe error function for that image. Optionally, in order to save power, 
for example when a power save mode is selected by a user of foe display module, 
dimming may also be applied to images which would not be dimmed according to foe 
above-described flow diagram. In this case, foe amount of dimming may be made 
dependent on foe value of foe resulting error function. 

- In a fifth optional step M5 smoothing is applied to avoid flickering of foe displayed 
image by abrupt changes of foe dimmed brightness level Lbdim for subsequent images. 
The smoothing may be obtained by making foe value of foe dimmed brightness level 
Lbdim dependent on a smoothed dimmed brightness level Lbdim applied to a previous 
image. For example, foe smoothed dimmed brightness level LbdimS(n) for an n-th image 
in a sequence of images is given by: 

LbdimS(n) = q . Lbdim(n) +(l-q) . LbdimS(n-l), with q a constant : 0<=q<=l. 

As result of foe fifth step MS foe value of foe selected smoothed dimmed brightness level 
LbdimS(n) for foe n* image is available. This value is translated into a light source drive 
signal BLD which generates this brightness level when applied to foe light source BL. 
Moreover, in foe fifth step M5 foe adaptation drive signal AD is generated, which, for 
example, comprises information about foe gray level Xi corresponding to the selected 
smoothed dimmed brightness level Lbdim. 
- Finally in a sixth step M6 foe gray level xi corresponding to the selected smoothed 
dimmed brightness level Lbdim is used to detennine according to which curve foe gray 
levels of the input signal VI should be adapted, for example according to the third curve 
C3 as shown in Fig. 3. Optionally soft clipping may be applied by as explained 

hereinbefore by applying foe fourth curve C4 as shown in Fig. 4. 

ae^oofofog-as^escribed-m4he-fiffo-step- M5 may be set to respond faster to 

an increase of foe dimmed brightness level Lbdim(n) during subsequent images. This may be 
achieved by selecting a different constant q during foe increase. The advantage is, that 
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clipping in white areas is reduced for images with white areas following a sequence of dark 
images. At the same time the relatively slow response during a decrease of the dimmed 
brightness level Lbdim(n) for subsequent images, ensures that flickering of the displayed 
image is avoided. A suitable value for the constant q is 0.95 during a sequence of increasing 
5 dimmed brightness levels Lbdim(n) and q=0.05 during other sequences. 

The smoothing may also take into account lamp parameters, for example at 
what rate a lamp is able to change its light output, or any limitations required to ensure an 
adequate lifetime of a lamp. The smoothing may also take into account actual operating 
conditions or historical operating conditions of a lamp. 

10 Fig. 9 shows a block diagram of an embodiment of the display device 

according to the invention, which uses feedback. The diagram is the same as the one shown 
in Fig. 1, except that the input for the selection circuitry S is now the output signal V2. This 
means a feedback loop is present, wherein the selection circuitry S determines a dimmed 
brightness level Lbdim(n) for an n & image of a sequence of images and a corresponding 

15 adaptation drive signal AD on the basis of gray levels of the output signal V2 corresponding 
to the (n-l)* image. 

When dimming the light source BL and simultaneously compensating for the 
dimming by adapting the input signal VI, the display panel operates at a higher transmission 
(or reflection) rate. Especially for LCD panels, at this higher transmission rate the viewing 

20 angle increases. This means that dimming in combination with adapting the input signal VI 
as described hereinbefore has the additional advantage of improving the viewing angle for 
the dimmed images. Moreover a lamp of the light source requires less power when dimmed, 
so power is saved when dimming is applied. At the same time the lifetime of the lamp may 
be extended 

25 A further advantage is, that when the amount of dimming takes into account 

the operating limits of the light source, it is possible to select firstly the amount of dimming 
which the light source is able to follow, and then to determine the corresponding adaptation 
of the input signal VI . So, any mismatch, caused by the fact that the light source is not able 
to follow the requested brightness changes of subsequent images, is avoided, thereby 

30 avoiding picture quality deterioration. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. For example, the 
allocation of the features in the various blocks of software or hardware may be changed 



• 
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without departing from the scope of the appended claims. In the claims, any reference signs 
placed hetween parentheses shall not be construed as limiting the claim. Use of the verb 
"comprise" and its conjugations does not exclude the presence of elements or steps other than 
those stated in a claim. The article "a" or "an" preceding an element does not exclude the 
presence of a plurality of such elements. In the device claim enumerating several means, 
several of these means may be embodied by one and the same item of hardware. The mere 
fact that certain measures are recited in mutually different dependent claims does not indicate 
that a combination of these measures cannot be used to advantage. 
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CLAIMS: 



1 . A display device (DD) comprising an adjustable light source (BL); a display 
panel (DP) with display pixels for modulating light originating from the light source (BL); 
and processing circuitry (P) coupled to the display panel (DP) and the light source (BL), the 
processing circuitry (P) having an input for receiving an input signal (VI) representing gray 

5 levels of pixels of an image to be displayed on the display panel (DP) and comprising: 

means for selecting (S) a dimmed brightness level of the light source (BL) in 
dependence on the gray levels of the image pixels, and 

means for adapting (A) the input signal (VI) in dependence on the dimmed 
brightness level. 

10 

2. A display device (DD) as claimed in claim 1, the means for selecting (S) being 
adapted to select the dimmed brightness level in dependence on a number of occurrences of a 
gray level corresponding to a brightness of display pixels above the dimmed brightness level 
and/ or a number of occurrences of a gray level corresponding to a brightness level of display 

1 5 pixels below a predetermined brightness level. 

•. 

3. A display device (DD) as claimed in claim 2, the means for selecting (S) being 

+ 

adapted to substantially minimize an error function including one or more weighted numbers 
of occurrences formed by multiplying each of the one or more numbers of occurrences by a 
20 weighting factor. 

4. A display device (DD) as claimed in claim 3, the error function being formed 
by an addition of the one or more weighted numbers of occurrences. 

25 5. A display device (DD) as claimed in claim 4, the error function being 

substantially: 

EroA,) = *&(*)P(*)+ £/WpW , 

x=0 x=x,+l 

wherein x is a variable representing the gray level of a pixel, g(x) and f(jc) are weighting 
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functions, p(x) is the number of occurrences of a pixel with the gray level x divided by the 
total number of pixels in the image, xi is the gray level providing the dimmed brightness 
level, x^ is a maximum available gray level in the input signal (VI), xfawi is the gray level 
corresponding to the predetermined brightness level. 

6 a display device (DD) as claimed in claim 5, the weighting functions (f(x), 

g(x)) being substantially equal to one. 

7. A display device (DD) as claimed in claim 5, at least one of the weighting 
functions (fix), g(x)) being formed by a sum (f 9 ) of deviations (d(kl ,k2)) of gray levels 
between a pixel and its neighboring pixels, with kl , k2 being indices identifying the 
neighboring pixels. 

8. A display device (DD) as claimed in claim 7, the pixel being the pixel having 
the highest sum (fij) of all pixels with this gray level in an image. 

9. A display device (DD) as claimed in claim 5, at least one of me weighting 
functions («x), g(x)) being formed by a deviation of the gray level from a gray level 
corresponding to the dimmed brightness level or by a deviation from a gray level 
corresponding to the predetermined brightness level. 

10. A display device (DD) as claimed in claim 2, the predetermined brightness 
level being formed by the maximum contrast ratio of the display panel (DP) and the dimmed 
brightness level. 

11. A display device (DD) as claimed in claim 3, the input signal (VI) comprising 
color components (Rl, Gl, Bl) of the image, a component error function being determined 
for each of the color components (Rl . Gl, Bl), the error function being formed by adding the 
component error functions. 

12. A display device (DD) as claimed in claim 1, the processing circuitry (P) 
fiirrtw comp risin g means for ^rm^tn ff a s moothed dimmed brightness level (Lbdim S(n)) 



for an image in dependence on the dimmed brightness level (Lbdim (n)) of the image and a 
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previous smoothed dimmed brightness level (LbdimS(n-l)) of a previous image, wherein n is 
a sequence number of successive images. 

13. A display device (DD) as claimed in claim 12, the smoothing having a faster 
5 response time to an increasing dimmed brightness level of subsequent images than to a 

decreasing dimmed brightness level of subsequent images. 

14. A display device (DD) as claimed in claim 1, wherein the means for selecting 
(S) a dimmed brightness level are further adapted to select the dimmed brightness level in 

10 dependence on a content of a part of the image. 

15. A method of adjusting a light source (BL) of a display device (DD), the 
display device (DD) comprising a display panel (DP) with display pixels for modulating light 
originating from the light source (BL); and processing circuitry (P) coupled to the display 

1 5 panel (DP) and the light source (BL), the processing circuitry (P) having an input for 

receiving an input signal (VI) representing gray levels of pixels of an image to be displayed 

on the display panel (DP), the method comprising: 

selecting (S) a dimmed brightness level of the light source (BL) in dependence 

on the gray levels of the image pixels, and 
20 - adapting (A) the input signal (VI) in dependence on the dimmed brightness 

level. 



16. A product (PR) comprising the display device (DD) as claimed in claim 1, and 

signal processing circuitry (SPC) for providing the input signal (VI). 



17. An integrated circuit (P) having: 

an input for receiving an input signal (VI) representing gray levels of pixels of 
an image to be displayed on a display panel (DP) of a display device (DD), the display device 

• * 

(DD) comprising an adjustable light source (BL), the display panel (DP) having display 
30 pixels for modulating light originating from the light source (BL); 

outputs for coupling to the display panel (DP) and the light source (BL); 

means for selecting (S) a dimmed brightness level of the light source (BL) in 
dependence on the gray levels of the image pixels; and 



PHNL040298EPP 

18 12.03.2004 
means for adapting (A) the input signal (VI) in dependence cm the dimmed 
brightness level. 
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ABSTRACT: 



The display device (DD) comprises an adjustable light source (BL), a display 
panel (DP) with display pixels for modulating light originating from the light source (BL) 
and processing circuitry (P) coupled to the display panel (DP) and the light source (BL). The 
processing circuitry (P) has an input for receiving an input signal (VI) representing gray 
5 levels of pixels of an image to be displayed on the display panel (DP). The processor (P) 
comprises: 

- selecting circuitry (S) for selecting a dimmed brightness level of the light source (BL) in 
dependence on the gray levels of the image pixels, and 

— adaptation circuitry (A) for adapting the input signal (VI) in dependence on the dimmed 
10 brightness level. 

(Fig.l) 
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